H. influenzae.
Haemophilus influenzae causes invasive and noninvasive diseases in children and adults. There are six encapsulated serotypes, designated a through f, and nontypeable strains, which have no demonstrable capsule. More than 95% of invasive H. influenzae disease is caused by serotype b strains. Nontypeable strains of H. influenzae are a major cause of otitis media in children but do not usually cause life-threatening diseases in normal children in the developed world (4, 20) . These organisms cause pneumonia in elderly and immunocompromised patients and have been implicated in exacerbations of chronic bronchitis (12) . In developing countries, nontypeable strains cause lower respiratory infections that often are fatal (11) .
Vaccines designed to prevent diseases caused by serotype b strains have recently become available and appear to have a high efficacy (13) . These vaccines are composed of the serotype b capsular polysaccharide conjugated to protein; therefore, they are not efficacious against diseases caused by nontypeable strains. Outer membrane proteins have been extensively studied as alternative vaccine candidates. Re- cently, a 42-kDa protein designated protein D, which is conserved among type b and nontypeable strains, was described (1, 5, 15) . The protein was reported to be responsible for the binding of human immunoglobulin D (IgD) to Haemophilus strains. IgD-binding activity was detected in 127 of 127 strains of H. influenzae examined. The gene was cloned and sequenced (5) .
We were interested in further characterizing the IgDbinding protein present on the surface of H. influenzae. Although the published data and our results support the * Corresponding author.
conclusion that protein D binds certain IgD myeloma proteins, our data question the generality of these findings.
MATERIALS AND METHODS Bacterial strains and plasmids. H. influenzae type b MinnA, Eagan, Durst, and 1613 were previously described (10) . They have outer membrane protein subtypes 1H, 1L, 2L, and 3L, respectively, and are representative of the type b strains responsible for the majority of invasive diseases in the United States. Nontypeable strains 12, 15, and 17 were isolated from the ears of patients with otitis media and were obtained from the collection of Stephen Barenkamp (2) . Additional nontypeable strains were obtained from the collections of Stephen Barenkamp and Dan Granoff (14, 21 (18) . Bacteriophage T7 expression vector pT7-7 and mGPl-2, an M13 derivative containing the phage T7 RNA polymerase gene, were obtained from Stan Tabor (19) .
IgD-binding assay. Human IgD myeloma sera were obtained from Moon Nahm (KN) and Jeanette Thorbecke (S1 to S4 12 ,000 x g for 20 min. Saturated (NH4)2SO4 was added to the supematant to 50% saturation, and the mixture was .rum diluted allowed to stand for 30 min. After centrifugation at 12,000 x nbrane was g for 20 min, the supernatant solution was retained. Satuated for 90 rated (NH4)2SO4 was added to 70% saturation; the suspennjugated to sion was allowed to stand for 30 min and then centrifuged at tlif.) (diluted 12 ,000 x g for 20 min. The supernatant solution was mixed nbrane was with saturated (NH4)2SO4 to 80% saturation, allowed to developed stand for 30 min, and then centrifuged for 20 min. All -chloro-3-inprecipitates were dissolved in 10 mM potassium phosphate wviously (9) . buffer and dialyzed against the same buffer. (Fig. 2) . IgD binding was observed with dilutions of serum KN of <1/20,000. For demonstration of specificity for immunoglobulins, dilutions of serum from an agammaglobulinemic patient were substituted for dilutions of serum KN. No reaction was observed when a 1/1,000 dilution of the former serum was used, indicating that the reaction was dependent on serum immunoglobulins (Fig. 2) . When normal human serum was used, a weak reaction was observed at a 1/1,000 dilution and no reaction was observed at a 1/10,000 dilution, consistent with the low level of IgD found in normal human serum.
Cloning and expression of the protein D gene from strain MinnA. E. coli JM101/pRSM1021 and JM101/pRSM1022 were constructed. Plasmids pRSM1021 and pRSM1022 contained the MinnA hpd genes with and without the signal sequence, respectively. Protein D expression was observed in strain JM101/pRSM1021 in the absence of induction of the T7 system. Transcription from the T7 promoter was induced in both strains by infection with mGP1-2 and the addition of IPTG. In the BL21(DE3)/pLysS background, transcription from the T7 promoter was induced by the addition of IPTG. Although a protein band with an apparent molecular weight of 42,000 was apparent in Coomassie brilliant blue-stained SDS-polyacrylamide gels of sonicates of induced cultures, no IgD binding was detectable when these preparations were probed with serum KN (Fig. 3) .
Sequence analysis of the cloned protein D gene. One potential explanation for our inability to detect IgD binding to extracts of E. coli strains expressing protein D is a cloning or PCR error. The inserts from pRSM1021 and pRSM1022 were therefore cloned into M13, and the nucleotide sequences were determined. The nucleotide sequences of both cloned hpd genes were identical, with the exception of the modified 5' end of the gene in pRSM1022. The nucleotide and derived amino acid sequences were compared with the published sequence of the hpd gene from nontypeable strain 772. There were seven base-pair differences between the genes from strains MinnA and 772. Four silent base-pair differences 190--blnding to Soniento8 (14) , and 10 noninvasive strains collected in the United States (2, 14) . Data for representative strains are shown in Fig. 3 pLysS/pRSM1021 was recovered in the 100,000 x g pellet of sonicates, suggesting that it was present in the membrane fraction. In contrast, protein D synthesized without the leader peptide and subsequent lipid modification was observed in the 100,000 x g supernatant. This protein was purified to homogeneity by a combination of ammonium sulfate precipitation, DEAE-Sephacel anion-exchange chromatography, and CM-Sepharose cation-exchange chromatography as described in Materials and Methods. SDS-PAGE analysis of the purification is shown in Fig. 6 
